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INTRODUCTION
Corn-and soybean meal-based diets are the predominant diets fed to swine in the United States (NRC, 1998) . Both corn and soybean meal have been reported to be rich in phytate P (on average 68 and 52% phytate P of total P, respectively; Eeckhout and De Paepe, 1994) , which has been shown to be highly indigestible by monogastric animals (Pallauf and Rimbach, 1997) . Environmental concerns about P losses from farms and inefficient digestibility and absorption of phytate P by the pig have led researchers to develop nutritional strategies to minimize P excretion and maximize P digestibility in pig diets. Inclusion of microbial phytase in growing pig diets has been shown to improve the digestibility of P by up to 30% (Jongbloed et al., 1992) and to reduce the amount of P excreted in manure by up to 25% when compared with nonphytase-supplemented diets (Yi et al., 1996) .
Another possible nutritional modification of P to the diet is the feeding of genetically modified low phytic acid (LPA) grains. Development of LPA corn (lpa1-1 allele) yielded mature seeds that had a 66% reduc-tion in phytic acid but that maintained a similar total P content compared with normal corn . Addition of LPA corn to monogastric diets yielded an increase in P availability and a decreased P excretion in manure (Spencer et al., 2000; Veum et al., 2001) . The logic of combining phytase and LPA corn was demonstrated by Sands et al. (2001) , who reported a 36% decrease in manure P concentration and a 50% increase in P digestibility for pigs fed LPA corn and phytase compared with pigs fed control diets. A soybean LPA mutant has been isolated with phytate P reductions similar to those for corn (Wilcox et al., 2000) . The objective of this experiment was to combine the P nutritional modifications of LPA corn, LPA soybean meal, and phytase to the diet of pigs in an attempt to maximize the efficiency of P digestion and absorption and minimize P excretion.
MATERIALS AND METHODS
Experimental procedures and animal use were approved by the Purdue University Animal Care and Use Committee.
Housing
Forty-eight crossbred barrows (Danbred HD × Yorkshire-Landrace; mean initial BW = 45.3 ± 1.6 kg) were adapted to individual metabolism crates (1.93 m × 0.56 m or 1.22 m × 0.61 m) with plastic-coated flooring or expanded metal flooring, respectively. The experiment was conducted with treatments rotating between metabolism crate types, to balance for space and flooring differences. Pigs were housed in an environmentally controlled room at 23°C with a 12-h light:12-h dark cycle. Pigs had ad libitum access to nipple waters.
Dietary Treatments
Pigs were blocked by BW and randomly assigned to 1 of 8 dietary treatments (6 pigs/treatment; Table 1) in a 2 × 2 × 2 factorial arrangement with all possible diet combinations of LPA corn, normal wild-type corn (NC), LPA soybean meal, normal wild-type soybean meal (NSBM), and with or without supplemental phytase. Ancestry was taken into account after treatment assignment, and treatment assignment was adjusted within block if necessary to ensure that littermates were spread evenly across dietary treatments to minimize any potential genetic effects. Natuphos 600 phytase (BASF, Florham Park, NJ) was added to the diet at 510 FTU/kg of feed (as-fed basis; FTU = quantity of enzyme that liberates 1 µmol of inorganic P/ min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C) at the expense of corn starch. The basal NC-NSBM-nonphytase diet was formulated to provide 0.39% total P, 0.50% Ca, and 1.0% total lysine (asfed basis), with no inorganic P (iP) supplementation, by using ingredient values from the swine NRC tables (NRC, 1998) . All other dietary treatments were created by direct substitutions for the corn, soybean meal, or starch with the LPA corn and LPA soybean meal ingredients or phytase. Pigs were fed at 3 times the maintenance requirement for ME (NRC, 1998) in 2 equal feedings at 0700 and 1700 h. The NC, LPA corn, and LPA soybean meal fed in this study were grown and harvested at the Purdue University Animal Science Research and Education Center. The LPA corn used in this study was homozygous for the lpa1-1 allele (seed donated by Optimum Quality Grains LLC, Urbandale, IA). The LPA soybeans were generated from a strain of isolated low-phytate soybean mutant that was developed by USDA-ARS Crop Production and Pathology Research and the Department of Agronomy at Purdue University (Wilcox et al., 2000) . The LPA soybeans were processed into meal form at the Texas A&M Food Protein Experiment Laboratory (Bryan, TX). Processing conditions of the soybean meal were similar to those of industry standards to reach similar standards for urease, trypsin inhibitor, and protein dispersibility index variables. The NSBM was purchased from Cargill Grain Division (Lafayette, IN). Both corn types were ground through a hammer mill with a 4.8-mm screen to ensure similar particle sizes for the corn used in this study. All grains and individual diets were analyzed by the University of Missouri Experiment Station chemical laboratory for lysine, CP, Ca, K, and P (Table 2) .
Sample Analysis
Pigs were adapted to metabolism crates and dietary treatments for 7 d, followed by a 3-d total collection of urine, feces, and feed refusals to determine nutrient digestibility and retention. At the beginning of the total collection, fecal screens and directional-flow metal pans were placed below crates to keep fecal matter and urine separate, and urine buckets were acidified with 25 mL of 37% HCl and covered with cheesecloth to minimize contamination of the urine. Urine, feces, and feed refusals were collected once daily, and urine volume and fecal wet weights were recorded. A 10% subsample of urine was refrigerated at 1.7°C, and subsequently, daily samples were pooled. Daily fecal samples and orts were collected for each pig and refrigerated at 1.7°C. After completion of the 3-d collection, individual fecal samples were pooled for each pig and mixed into a slurry with the addition of an equivalent weight:volume ratio of deionized distilled H 2 O in a commercial blender for later analysis. All samples were then frozen at −20°C until analyzed. Feces and feed refusals were completely thawed and placed in a 55°C forced-air oven for 48 h to determine DM content. Pigs were weighed at the beginning and end of the study.
Feces were analyzed for DM, pH, total Kjeldahl N (TN), ammonium N (AmmN), total P, water-soluble P (WSP), and K. Urine was analyzed for TN, AmmN, total P, and K. Total N and AmmN were determined by the micro-Kjeldahl techniques of Nelson and Sommers (1972) and Bremner and Kenney (1965) , respectively. Water-soluble P was extracted by adding 1 g of manure slurry or feces to 25 mL of deionized water and 3 drops of chloroform in 25 × 150-mm round-bottomed, capped culture tubes. Tubes were placed on an end-to-end shaker for 3 h. Samples were then transferred to 50-mL plastic centrifuge tubes and centrifuged at 17,650 × g for 15 min at 4°C. The supernatant was filtered through Whatman 40 ashless filter paper into a second set of 20 × 125-mm round-bottomed, capped culture tubes Approximately 50% of the dietary P came from corn and 50% came from soybean meal. Natuphos 600 (BASF, Florham Park, NJ); FTU = quantity of enzyme that liberates 1 µmol of inorganic P/min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C. and frozen overnight (−20°C). The next day, thawed samples were recentrifuged at 17,650 × g for 15 min at 4°C and filtered through 0.45-µm syringe filters. A 0.5-mL sample of the second filtered supernatant was digested with 5 mL of 18 M H 2 SO 4 at 200°C. Five milliliters of H 2 O 2 was added to each tube to remove any remaining organic carbon compounds. Water-soluble P concentration and total P were determined colorimetrically (Murphy and Riley, 1962) by using a Beckman DU-6 spectrophotometer (Beckman Coulter, Irvine, CA), and K was determined by an atomic absorption spectrophotometer (Varian SpectraAA 220 FS, Varian Inc., Mulgrave, Victoria, Australia).
Statistical Analysis
Data were analyzed as a 2 × 2 × 2 factorial in a randomized complete block design by ANOVA (GLM procedure; SAS Inst. Inc., Carry, NC), with individual pig serving as the experimental unit, to determine the main and interaction effects. Pigs were blocked by initial BW, and dietary treatments were randomly assigned within each BW block. Treatment means were separated with the LSD test, with α equal to 0.05 based on significant main effect F-tests. Data were analyzed by using DMI as a covariate to minimize the effects of differing feed intakes on other variables measured.
RESULTS
Total fecal DM excreted, percentage DM of feces, and percentage DM digested (Table 3) were not different among treatments (P > 0.09). Furthermore, there was no difference among treatments (P > 0.17) for feces (as-is basis), urine, and total manure produced. Pigs fed the LPA corn diets had a greater (P = 0.042) overall fecal pH than pigs fed NC (5.71 vs. 5.60 ± 0.035). A 3-way interaction between corn type, soybean meal type, and phytase inclusion was observed for fecal pH (P = 0.02). This interaction was principally caused by the increase in fecal pH when phytase was added to the NC and NSBM diets and to the LPA corn and LPA soybean meal diets, but when phytase was added to the other corn and soybean meal combinations, fecal pH was reduced.
Nitrogen digestibility and urinary N excreted (Table  4) were not different among treatments (P > 0.18). Fecal N (g/d) tended to be greater (P = 0.072) for pigs fed LPA soybean meal compared with NSBM. In addition, pigs fed LPA soybean meal excreted greater amounts of TN compared with those consuming NSBM (29.96 vs. 27.14 ± 0.74 g/d; P < 0.01). Nitrogen absorbed was greater (P = 0.006) for diets containing no phytase compared with diets with phytase inclusion (46.9 vs. 43.9 ± 0.56 g/d). In addition, N retained was greater for pigs fed diets without phytase (P = 0.036) compared with those fed diets with phytase inclusion (26.1 vs. 23.7 ± 0.73 g/d). A corn type × soybean meal type interaction was observed for N absorbed (P Table 3 . Effect of corn (normal or LPA Low phytate grains and nutrient excretion = 0.05) and N retained (P = 0.05). Decreased absorbed N and retained N resulted when pigs were fed NC with LPA soybean meal compared with the NC with NSBM treatment. However, when pigs were fed LPA corn with LPA soybean meal, the N absorbed and retained increased compared with the LPA corn with NSBM treatment. Furthermore, a corn type × soybean meal type × phytase interaction was observed for N retained (P = 0.05). Pigs consuming LPA corn with LPA soybean meal, with or without phytase, retained more N than pigs fed diets containing LPA corn and NSBM without phytase and pigs consuming NC and LPA soybean meal with phytase. Additionally, a corn type × soybean meal × phytase interaction was observed (P = 0.05), with pigs receiving LPA corn and LPA soybean meal with phytase having increased N absorbed compared with pigs fed LPA corn and NSBM with phytase, or NC and LPA soybean meal with phytase. There were no detectable differences across treatments for N retained as a percentage of intake (P > 0.242) or N retained as percentage absorbed (P > 0.301). A 3-way interaction between corn type, soybean meal type, and phytase inclusion was observed for N retained as a percentage of intake and for N retained as percentage absorbed (P = 0.05). When phytase was added to the NC-NSBM diet and LPA corn-LPA soybean meal diets, N retained as a percentage of intake and absorbed increased; however, when phytase was added to the NC-LPA soybean meal and LPA corn-NS-BM diets, the N as a percentage of intake and absorbed both declined, creating the interaction.
Ammonium N excreted in the feces was greater (P = 0.002) for pigs fed diets containing LPA soybean meal compared with NSBM (1.93 vs. 1.51 ± 0.088 g/d). Furthermore, a soybean meal × phytase interaction for fecal AmmN excreted (P = 0.05) was observed. Pigs fed LPA soybean meal with phytase had decreased fecal AmmN. However, when pigs were fed phytase with NSBM, fecal AmmN was increased. There were no differences across treatments for AmmN excreted in the urine (P > 0.321). Consequently, total AmmN excretion was greater (P < 0.001) for pigs fed LPA soybean meal compared with NSBM (3.43 vs. 2.93 ± 0.097 g/d).
Fecal P excretion (Table 5 ) was reduced for pigs fed LPA corn compared with NC (2.85 vs. 3.24 g/d ± 0.119 g/d, P = 0.024), for pigs fed LPA soybean meal compared with NSBM (2.79 vs. 3.30 g/d ± 0.119 g/d, P = 0.007), and for pigs fed phytase diets compared with nonphytase diets (2.80 vs. 3.29 ± 0.119 g/d, P = 0.009). In addition to these main effects, there were additive benefits of reduced P excretion, which resulted in fecal P reduction for pigs fed LPA corn and LPA soybean meal compared with NC and NSBM (2.49 vs. 3.39 ± 0.168 g/d, P < 0.001), and fecal P reduction for pigs fed LPA corn, LPA soybean meal, and phytase compared with NC and NSBM without phytase (2.16 vs. 3.70 ± 0.237 g/d, P < 0.001). No differences were detected among treatments for urinary P excretion (P > 0.35). Total P excretion values therefore corresponded to fecal P excretion data, with similar differences among treatments.
Phosphorus digestibility was increased for pigs fed diets containing LPA corn compared with NC (48.3 vs. 39.9 ± 2.27%, P = 0.012), for pigs fed phytase diets compared with nonphytase diets (48.4 vs. 39.9 ± 2.27%, P = 0.019), and for pigs fed LPA corn, LPA soybean meal, and phytase compared with NC, NSBM, and no phytase (60.1 vs. 34.1 ± 4.5%, P = 0.001) and tended to increase for pigs fed LPA soybean meal compared with NSBM (47.2 vs. 41.1 ± 2.27%, P = 0.075). Phosphorus absorbed was greater for pigs fed LPA corn compared with NC (2.65 vs. 2.13 ± 0.119 g/d, P = 0.004) and for pigs fed phytase diets compared with nonphytase diets (2.62 vs. 2.16 ± 0.119 g/d, P = 0.015). Pigs receiving LPA corn had greater amounts of P retained compared with pigs fed NC (2.55 vs. 2.05 ± 0.118 g/d, P = 0.005). Furthermore, pigs consuming phytase had greater amounts of P retained compared with pigs fed diets without phytase (2.53 vs. 2.0 ± 0.118 g/d, P < 0.02).
Phosphorus retained as a percentage of intake was increased for pigs fed LPA corn compared with NC, 46.5 vs. 38.3 ± 2.24% (P = 0.013). Pigs fed LPA soybean meal also tended to have an increase in P retained as a percentage of intake as compared with NSBM (45.3 vs. 39.6 ± 2.24%, P = 0.09). Pigs fed phytase also had increased P retained as a percentage of intake compared with pigs fed the nonphytase diets (46.5 vs. 38.3 ± 2.24%, P = 0.02). No differences were detected among treatments for P retained as percentage absorbed (P > 0.27). Corn type and soybean meal type had no effect on fecal or total WSP excreted across all treatments (P > 0.11). However, pigs fed phytase diets tended to excrete less fecal WSP (P = 0.057) and total WSP (P = 0.066) than pigs fed diets without phytase inclusion. Total WSP as a percentage of total P excreted was greater for pigs receiving LPA soybean meal compared with NSBM (72.3 vs. 65.2 ± 2.17%, P = 0.032), but was not affected by corn type or phytase in the diet (P > 0.52).
Potassium excreted in the feces (Table 6 ) was less for pigs fed LPA corn compared with NC (0.72 vs. 1.02 ± 0.052 g/d, P < 0.001). No differences were detected for K excreted in urine (P > 0.26). However, total K excreted tended to be greater (P = 0.074) for pigs fed NC compared with LPA corn (4.05 vs. 3.71 ± 0.132 g/d). In addition, K digestibility was increased for LPA corn-fed pigs compared with NC-fed pigs (94.8 vs. 92.6 ± 0.38%, P = 0.003).
Potassium absorbed was greater for pigs receiving LPA corn compared with NC (13.1 vs. 12.9 ± 0.05 g/d, P = 0.009) and for pigs fed diets without phytase compared with those with phytase inclusion (13.1 vs. 12.9 ± 0.05 g/d, P = 0.02). Potassium retained was greater for pigs receiving diets without phytase compared with those with phytase inclusion (10.2 vs. 9.8 ± 0.13 g/d, P = 0.047). In addition, corn × soybean meal interactions were observed for K absorbed (P = 0.001) and retained Natuphos 600 (BASF, Florham Park, NJ); FTU = quantity of enzyme that liberates 1 µmol of inorganic P/min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C.
3 Interactions = soybean meal × phytase; P < 0.01.
4
Interactions = corn × soybean meal × phytase; P < 0.05.
5
Interactions = corn × soybean meal; P < 0.05.
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(P = 0.001). Pigs receiving LPA corn and LPA soybean meal absorbed and retained greater amounts of K compared with pigs fed LPA corn and NSBM. When NC and LPA soybean meal were combined, pigs absorbed and retained less K compared with pigs fed the NC and NSBM treatment. Additionally, a corn × soybean meal × phytase interaction was observed for K retained as percentage absorbed (P = 0.03). There was an increase in K retained and in K retained as percentage absorbed when phytase was included with NC and NSBM; however, K retained and K retained as percentage absorbed decreased when phytase was added to all other corn and soybean meal type combinations. In addition, a corn × phytase interaction was detected for K absorbed (P = 0.001), with pigs consuming NC and phytase absorbing less K compared with pigs consuming NC without phytase; however, when LPA corn was combined with phytase, K absorbed was increased compared with LPA corn without phytase. No differences were detected among treatments for K retained as a percentage of intake (P > 0.05). However, K retained as a percentage of intake tended to be greater (P = 0.091) for pigs fed LPA corn compared with NC-fed pigs (73.2 vs. 70.90 ± 0.010%). Furthermore, no main effects were observed between any treatments for K retained as percentage absorbed (P > 0.13).
DISCUSSION
This study demonstrates that feeding LPA corn, LPA soybean meal, or phytase individually or in any combination will increase the utilization of phytate P and substantially decrease P excreted in manure. In this study, we observed an increase in N absorbed and N retained for pigs fed diets without phytase compared with those with phytase inclusion. However, N retained as a percentage of intake, N retained as percentage absorbed, and N digestibility were not statistically different between any treatments. Mroz et al. (1994) reported similar results with differences in N retained (g/d); however, Mroz et al. (1994) reported no differences in N retained as a percentage of intake for pigs fed phytase compared with the control diets. In addition, other research has reported no differences for N retained as a percentage of intake for pigs fed LPA corn compared with NC diets (Spencer et al., 2000; Veum et al., 2001 ). This suggests that the feeding of LPA corn or phytase has little effect on N retention. In addition, we observed no differences in TN excreted in the manure across corn types and phytase inclusion, which corresponds to results reported by other researchers (Spencer et al., 2000 , Sands et al., 2001 , Veum et al., 2001 . However, in this study we observed a shift in the form of N excreted for pigs fed LPA soybean meal. The increase in total AmmN excreted from pigs fed LPA soybean meal compared with pigs fed NSBM could be beneficial to producers when land-applying manure before or during crop production because an increase in the Table 6 . Effect of corn (normal or LPA Low phytate grains and nutrient excretion AmmN-to-TN ratio should provide more immediately available N for plant uptake. However, the greater fecal AmmN content could have potential negative effects on air quality because of increased ammonia volatilization directly from the storage system and during land application if the manure is surface applied. Potassium excreted in the feces was less for pigs fed LPA corn compared with pigs fed NC. No differences were detected for K excreted in the urine or overall K excretion among the dietary treatments. However, K digestibility was increased for LPA corn-fed pigs compared with pigs fed NC. This increase in K digestibility and subsequent decrease in fecal K concentrations was primarily due to LPA grains having reduced phytic acid concentrations. Almost all the phytic acid within the seed is present as phytate or phytin, which combines with phytic acid as mixed salts of K, Mg, Fe, Ca, and Zn (Lott, 1984) . Consequently, in LPA grains less K is bound to phytate; therefore, more K is available for absorption by the animal. As expected, K retained as a percentage of intake also tended to increase for pigs fed LPA corn compared with NC. Previously, K in corn and soybean meal was reported to be 90 to 97% available (NRC, 1998) .
Phosphorus digestibility was dramatically affected by grain type and phytase addition. Phosphorus digestibility was increased for pigs fed diets containing LPA corn compared with NC, and values are consistent with those reported by Sands et al. (2001) . Phosphorus digestibility was also increased for pigs fed LPA soybean meal compared with NSBM, which is similar to data presented by Frank et al. (2000) , who compared a low-phytate, low-oligosaccharide soybean meal with a commercial soybean meal. By combining LPA corn and LPA soybean meal, P digestibility was increased compared with NC and NSBM diets. The P digestibility values from LPA corn-fed and LPA soybean meal-fed pigs are consistent with those reported by Cromwell et al. (2000) , who fed LPA corn in combination with a low-phytate, low-oligosaccharide soybean meal and reported a P digestibility value of 50%. In this study, we observed an increase in P digestibility for pigs fed LPA corn, LPA soybean meal, and phytase compared with NC, NSBM, and no phytase. This dramatic increase was expected because this combination of LPA grains and phytase should allow for digestive mechanisms within the pig to hydrolyze a major proportion of the grain P within the diet. Any combination of LPA corn, LPA soybean meal, and phytase will improve the digestibility of grain P.
The P retained, as a percentage of intake, was increased for pigs fed LPA corn compared with NC, which is consistent with values reported for LPA corn-fed pigs by Spencer et al. (2000) and Veum et al. (2001) . The LPA soybean meal-fed pigs also demonstrated an increase in P retained as a percentage of intake compared with NSBM-fed pigs. The phytase-fed pigs showed an increase in P retained as a percentage of intake compared with pigs fed no phytase, which is similar to values reported by Mroz et al. (1994) .
Fecal P excretion was reduced 12% for pigs fed LPA corn diets compared with NC diets (2.85 vs. 3.24 ± 0.119 g/d). These results are consistent with those reported by Sands et al. (2001) , who reported a 14% decrease in fecal P excretion for pigs fed LPA diets compared with NC diets. However, Spencer et al. (2000) reported a much larger, 25%, decrease in fecal P concentrations for pigs fed LPA corn, and Veum et al. (2001) reported a 20% decrease in fecal P for LPA corn-fed pigs compared with NC. In the previous studies, chromic oxide was used as an indigestible marker to estimate total fecal output, whereas a total collection of feces was made in our study. Use of a marker could have led to an overestimation of fecal matter produced and, consequently, could have affected the estimated total P excreted. In addition, Veum et al. (2001) fed supplemental iP in the corn-and soybean meal-based diets, and NC-fed pigs received twice as much iP in the diet as LPA corn-fed pigs, which could have led to a decrease in the true amount of P absorbed from corn sources. Moreover, in our study, the basal NC and NSBM diets were formulated from NRC (1998) values and the LPA ingredients were substituted directly for the normal ingredient counterparts. Thus, pigs fed LPA corn had greater P intakes than pigs fed NC (5.50 vs. 5.37 ± 0.002 g/d, respectively). If pigs had been fed equivalent amounts of P, the P excretion values would be expected to be numerically greater for those fed NC. This is because pigs fed NC would potentially excrete more P because of its reduced P digestibility, whereas LPA corn-fed pigs would absorb more P and, consequently, cause greater differentiation of excretion values.
There were additive benefits in fecal P reduction by adding phytase to both the NC and LPA corn diets. A decrease in fecal P concentrations was demonstrated for pigs fed LPA corn and phytase compared with pigs fed NC diets (2.49 vs. 3.39 ± 0.168 g/d). These numbers coincide with those reported by Sands et al. (2001) , who found a decrease in fecal P concentrations for pigs fed LPA corn and phytase compared with NC diets. By replacing NSBM with LPA soybean meal, a decrease in fecal P was observed, which is consistent with data reported by Cromwell et al. (2000) , who reported a reduction when NSBM was replaced with a low-phytate, low-oligosaccharide soybean meal.
Across all treatments, corn type and soybean meal type had no effect on fecal or total WSP excreted. However, pigs fed phytase diets excreted less fecal WSP (1.89 vs. 2.18 ± 0.099 g/d) and less total WSP (1.99 vs. 2.26 ± 0.100 g/d) than those without phytase inclusion in their diets. The reasoning behind this reduction is that dietary phytase is liberating iP within the forestomach of the pig; consequently, a greater amount of iP is absorbed at the small intestine compared with pigs not fed phytase, and less iP is excreted with pigs fed phytase diets. Furthermore, digesta moving into the large intestine of pigs fed diets without phytase would have greater concentrations of phytate P and ultimately a greater potential for iP release by alkaline phosphatases secreted in the hindgut, resulting in a greater amount of WSP being excreted.
The additive benefits of combining LPA corn, LPA soybean meal, and phytase within diets are numerous and are particularly interesting in relation to P excretion. Pigs fed the combination of LPA corn, LPA soybean meal, and phytase excreted 42% less fecal P than those fed the control NC and NSBM diet without phytase. This decline in fecal P not only beneficially altered the manure N:P ratio to reduce the concern about P accumulation in the soil from manure applications, but also may completely eliminate the need to supplement diets with iP.
As state and federal regulations dealing with nutrient management become more restrictive, it is increasingly important for production animals to be fed diets that minimize nutrient excretion. This study showed that feeding of any combination of genetically selected LPA corn, LPA soybean meal, and phytase could substantially improve P digestibility and dramatically decrease P excretion. In addition, feeding diets fortified with phytase reduced the potential risk of WSP losses from land-applied manure and the accumulation of excess P in the soil. The availability and cost of these genetically derived grains will dictate whether they will be adopted by the swine industry commercially. However, LPA corn, LPA soybean meal, and phytase are nutritional modifications that can reduce the potential negative effects of swine production on the environment.
